Abstract Tumor affects myelopoiesis by inhibiting the process of differentiation/maturation of antigen-presenting cells from their myeloid precursors and by stimulating an accumulation of immature myeloid cells in cancer patients and tumor-bearing mice. These immature myeloid cells can contribute greatly to tumor progression and promote tumor evasion from immune attack: i) by inhibiting development of adaptive immune responses against tumor in lymphoid organs; ii) by migrating into tumor site and differentiating there into highly immune suppressive tumor-associated macrophages. Immature myeloid cells and tumor-associated macrophages utilize different JAK/STAT signaling pathways and different mechanisms to control T cell responses, which include increased production of TGFbeta, reactive oxygen species, peroxynitrites, as well as enhanced L-arginine metabolism. Understanding of precise mechanisms, which tumors use to affect differentiation of APC from myeloid cell precursors and inhibit T cell responses, could help to develop new approaches for cancer therapy and substantially improve efficiency of existing cancer vaccination strategies.
Recent data from a number of groups have demonstrated that myeloid cells accumulating in tumor-bearing hosts play an important role in tumor non-responsiveness by suppressing antigen-specific T cell responses [1; 11; 17; 26; 33; 39] . These cells contribute to the failure of immune therapy in patients with advanced cancer and in tumor-bearing mice. In mice, these myeloid cells are characterized as Gr-1 + CD11b + cells. Myeloid lineage differentiation antigen Gr-1 (Ly6G) is expressed on myeloid precursor cells, granulocytes, and transiently on monocytes [22] . CD11b receptor (Mac-1) is a M integrin that is expressed on the surface of monocytes/macrophages, dendritic cells (DC), granulocytes, and activated B-and T-lymphocytes. Gr-1 + CD11b + cells represent about 20-30% of normal bone marrow cells and only 2-4% of all nucleated normal splenocytes. Inoculation of transplantable tumor cells [10; 20; 26; 53] or spontaneous development of tumors in transgenic mice with tissue-restricted expression of oncogenes [33] results in marked systemic expansion of these cells. The proportion of this myeloid cell population in spleen of tumorbearing mice may reach up to 50 % of all splenocytes [25] . Less impressive but significant transient increase of the Gr-1 + CD11b + cells was also demonstrated in normal mice after immunization with different antigens [13; 14; 25] or in mice with bacterial and parasitic infections [3; 34] .
Only a minor proportion of Gr-1 + CD11b + splenocytes (less than 4 %) in tumor-bearing mice express markers of mature antigen-presenting cells such as MHC class II, macrophage marker F4/80, or DC marker CD11c [25] . Morphological analysis demonstrated that these cells comprise a mixture of myeloid cells such as granulocytes and monocyte-macrophages as well as myeloid cell precursors at various stages of differentiation (unpublished data, SK and DG). In the presence of appropriate growth factors and/or cytokines, Gr-1 + cells from tumor-bearing host could be differentiated in vitro into DC or macrophages [8; 25; 30] . Since Gr-1 + CD11b + cell population displays features of undifferentiated myeloid cells and contains precursors of different myeloid cell subsets, these cells have been termed as immature myeloid cells (iMC).
In cancer patients, iMC are defined as cells that express the common myeloid marker CD33 but lack expression of markers of mature myeloid and lymphoid cells and the MHC class II molecule HLA-DR [1] . An accumulation of iMC was associated with the decreased number of DCs in the peripheral blood of patients with head and neck, lung or breast cancer [2] . Advanced-stage cancer was found to promote the accumulation of these cells in the peripheral blood, whereas surgical resection of the tumor decreased the number of iMC. A similar effect of tumor resection was observed in mouse tumor models [46] . + ) and differentiation of macrophages was significantly inhibited. Thus, iMC from tumor-free and tumor-bearing mice significantly differ in their ability to differentiate in a tumor-free environment. When Gr-1 + cells from tumor-bearing mice were transferred into tumor-bearing recipients, very few DCs of the donor's origin were found in spleens of recipients [25] . These data were consistent with previously published observations that tumor-derived factors inhibit differentiation of DC from hematopoietic progenitor cells [18; 19; 35] .
Tumor associated macrophages (TAM) are a major inflammatory cell component of tumors [4] , and known as promoters of tumor progression and metastases [32; 41] . TAM also show potent immunosuppressive features [24; 45] . Since iMC derived from tumor-bearing mice could differentiate in vitro toward macrophages [25; 30] it is plausible that they may represent a source of TAM. To investigate this possibility we conducted experiments with adoptive transfer of Gr-1 + iMCs into tumorbearing congenic mice [24] . Recipient's tumors were analyzed 3 days after iMC cell transfer for the presence of the donor's cells using multicolor flow cytometry. More than 70 % of the donor's cells isolated from the tumor site were positive for F4/80 marker. At the same time, a significant portion of these cells also retained an immature phenotype (Gr-1 + CD11b + ) [24] . These results suggest that splenic Gr-1 + iMC could be precursors of F4/80 TAM.
Several recent publications pointed to iMCs as a source of endothelial cells and their direct role in tumor vasculogenesis. Yang and co-workers [59] [60] . iMC may contribute to tumor growth directly by differentiating toward endothelial cells and by producing pro-angiogenic factors.
It is clear that iMC could differentiate in both lymphoid organs as well as inside tumor bed. In lymphoid organs these cells differentiate predominantly into antigen-presenting cells including dendritic cells and macrophages, whereas in a tumor microenvironment iMC become tumor-associated macrophages and/or endothelial cells.
Role of reactive oxygen species in regulation of myeloid cell differentiation
Immature myeloid cells derived from tumor-bearing mice as well as from cancer patients produce high levels of reactive oxygen species (ROS) [25; 27; 38; 48] . In tumor-bearing mice Gr-1 + CD11b + cells were found to be a major producer of ROS [25] . Since the pool of ROS may include different types of molecules, ranging from singlet oxygen to hydrogen peroxide, we examined the type of ROS produced by iMC derived from tumorbearing host. Gr-1 + cells were isolated from tumorbearing mice, and different oxygen species were neutralized using specific inhibitors or scavengers. Catalase reduced ROS levels in iMCs >4-fold, indicating that H 2 O 2 contributed greatly to the overall level of ROS in these cells. Increased levels of ROS also interfered with differentiation of myeloid cells in cancer [25] . Neutralization of H 2 O 2 with catalase inhibited GM-CSF-induced proliferation of iMC and stimulated their differentiation. After a 4-day culture of iMC from tumor-bearing mice in the presence of GM-CSF and catalase, the proportion of undifferentiated Gr-1 + CD11b + F4/80 À iMC decreased more than 3-fold, and the proportion of F4/80 + macrophages increased more than 3-fold [25] . These results suggest that a high level of hydrogen peroxide production by myeloid cells maintains its highly proliferative and undifferentiated status, whereas scavenging of ROS could diminish proliferation and stimulate differentiation of iMC.
How can tumor activate ROS in myeloid cells? A number of cytokines and growth factors may induce ROS production. Hyper-production of some of these factors by tumor cells may result in constant stimulation of ROS in myeloid cells, which may prevent their effective differentiation. Reactive Oxygen species regulate transcription of many genes via their effect on several transcription factors including NF-jB, AP-1, c-myb, SP-1 and others [47; 49] . Hyper-production of ROS may alter the balance of expression of different genes, which may affect differentiation of myeloid cells. These observations suggest that accumulation of iMC in tumor-bearing hosts is in part caused by the inability of these cells to differentiate into mature myeloid cells. Increased production of ROS, specifically hydrogen peroxide, induced by tumor-derived factors, may be responsible for this phenomenon.
Expansion of iMC in tumor-bearing hosts is associated with impaired T cell responses
Dramatic expansion of iMC in tumor-bearing hosts raises the question about their role in cancer. The accumulation of Gr-1 + CD11b + myeloid cells is often associated with a large tumor burden and a state of immune suppression [8; 20; 26; 33; 53] . Several groups have demonstrated that this phenomenon is associated with T cell dysfunction. It was demonstrated that iMC derived from tumor bearing mice can: i) induce loss or significant decrease of the expression of the T cell receptor f chain (CD3f), which is the principal part of TCR complex [38] ; (ii) inhibit CD3/CD28-induced T cell activation/proliferation by production of reactive nitrogen and oxygen intermediates [26] ; (iii) inhibit interferon-c (IFN-c) production by CD8 + T cells in response to the specific peptide presented by MHC class I molecules [20] ; (iv) prevent development of CTL in vitro [12; 31] .
Recently Liu and colleagues [31] demonstrated an inverse correlation between the presence of myeloid immune suppressive cells in spleen and tumor progression. Tumor regression of transplantable immunogenic lymphoma has been associated with strong CTL response and low numbers of immune suppressive myeloid cells in spleen. At the same time, tumor progression has been associated with loss of CTL activity and domination of the immune suppressive myeloid cell population. In vitro studies demonstrated that CTL response against tumor could be restored after depletion of myeloid immune suppressive cell population [31] .
Immature myeloid cells obtained from cancer patients also inhibit CD8 T cells response [1] . An addition of iMC isolated from peripheral blood of HLA-A2-positive cancer patients inhibited production of IFN-c by CD8
+ T cells re-stimulated with specific peptide-pulsed DCs [1] . Thus, iMC isolated from cancer patients and tumor-bearing mice were able to inhibit CD8 + T cell responses in an antigen-specific manner. Since cancer progression is associated with increased production of iMC, this could be one of the mechanisms by which a growing tumor may induce an antigen specific CD8 + T cell unresponsiveness.
Mechanisms of immune suppression mediated by iMC
Several potential mechanisms for tumor-induced immune suppression mediated by iMC have been described. iMC cells have been linked to the induction of T-cell dysfunction in cancer through the production of 
TGF-b
Early studies of Young and colleagues [63] have demonstrated that myeloid progenitor cells derived from tumor-bearing mice produced increased amounts of TGF-b. These iMCs were immune suppressive and inhibited in vitro T cell proliferation, induced by anti-CD3 antibodies. Nitric oxide (NO), IL-10, and prostaglandin E 2 (PGE 2 ) also were among the factors produced by iMCs. However, it was TGF-b and NO that mediated the suppression of T cell proliferation by iMC. Beck and colleagues [5] suggested that iMC derived from a tumor-bearing host acquire immune suppressive features and prevent CTL response after contact with TGF-b present in blood serum. Recent work from Terabe and colleagues [54] described a pathway that might negatively regulate tumor immunity through Gr-1 + iMC produced TGF-b . These cells were found to be a major source of TGF-ß in tumor-bearing mice. Authors proposed that tumor inoculation in mice induced IL-13 production by CD4 + CD1d-restricted T cells. iMC express IL-13 receptor, which is required for iMC to produce TGF-ß that inhibits CTL induction.
L-Arginine metabolism
It appears that arginine metabolism in myeloid cells can be linked to tumor-associated T cell dysfunction. L-Arginine serves as a substrate for two enzymes: nitric oxide synthase, which generate NO and citrulline, and arginase, which converts L-Arg into urea and L-ornithine. Recent publications of Ochoa's group suggested a close correlation between the availability of arginine and regulation of T cell proliferation [43; 44] . They demonstrated that increased activity of arginase I in myeloid cells lead to enhanced L-arginine catabolism. The shortage of the non-essential amino acid L-arginine regulates T-cell function through the modulation of CD3f expression [43] . Tumor growth is associated with up-regulated expression and increased activity of arginase I in splenic myeloid cells [12; 31; 42] , and especially, in TAM that are particularly effective in inhibiting T cell response including CTL and antigen-induced T cell proliferation [24] . This mechanism of T cell inhibition that involves both arginase and iNOS activation was recently described for a tumor microenvironment [9; 24] . Human prostate cancer [9] and various murine tumors [24] have been shown to employ this mechanism to avoid T cell attack. As shown, in murine tumor model, T cell deletion in tumor site could be mediated by TAM [24; 45] . This effect was dependent on STAT1 signaling, which controls iNOS and arginase I activity in TAM [24] .
Reactive oxygen species (ROS) As described above, myeloid cells in tumor hosts produce high levels of ROS. Oxidative stress, caused by iMC derived from tumor-bearing mice, inhibited f-chain expression in T cells and inhibited antigen-induced cell proliferation [38] . Recent studies demonstrated that iMC freshly isolated from tumor-bearing mice but not their control counterparts, were able to inhibit antigenspecific response of CD8 + T cells [27] . Immature myeloid cells did not produce nitric oxide, however, iMC obtained from tumor-bearing mice had significantly higher levels of ROS than iMC isolated from tumor-free animals. Since ROS production by iMC can be blocked by arginase inhibitors, it appears that arginase I activity played an important role in ROS accumulation in these cell [27] . This suggests that arginase could be involved in the mechanisms of T cell inhibition through generation of ROS, and also may be linked with the role of arginase I in T cell deletion observed in tumor site (see previous section on role of L-arginine metabolism in immune suppression). What could be the potential mechanism of the link between arginase I activity and ROS production? Arginase catalyzes the hydrolysis of L-arginine to urea and L-ornithine. L-arginine is used by NO synthase as a substrate for generation of NO [58] . However, low concentrations of L-arginine results in low NO formation and high generation of superoxide (O 2 .À ) (rev. in [6] . Thus, it is possible that high arginase activity in tumor-bearing mice-derived ImC may have lowered the level of L-arginine and resulted in increased production of O 2 .À instead of NO. Superoxide itself is very unstable and is converted to H 2 O 2 and oxygen. This is consistent with our data showing that in ImC ROS accumulates primarily in the form of H 2 O 2 , but not O 2 .À [27] . Inhibition of ROS in iMC completely abrogated the negative effect of these cells on T cells. This suggested that iMC generated in tumor-bearing hosts could suppress CD8 + T cell response via release of ROS. Interaction of iMC with antigen-specific T cells in the presence of specific but not control antigens, resulted in a significant increase in ROS production. This increase was independent of IFN-c production by T cells, but was mediated by integrins CD11b, CD18, and CD29 [27] . Blockage of these integrins abrogated ROS production and iMC mediated suppression of CD8 + T-cell responses. Importantly, no T cell apoptosis or T cell deletion has been observed [27] .
Schmielau and Finn [48] observed that, in peripheralblood samples from cancer patients, an unusually large number of myeloid cells with a granulocyte phenotype co-purified with low-density peripheral-blood mononuclear cells (PBMCs). They found that reduced CD3f expression and decreased cytokine production by T cells correlated with the presence of activated myeloid cells in the PBMC population. Freshly isolated granulocytes from healthy donors, if activated, could also inhibit cytokine production by T cells. This action was abrogated by addition of an H 2 O 2 scavenger, catalase, implicating H 2 O 2 as the effector molecule.
Peroxinitrites
Peroxynitrite (ONOO À ) is a reaction product of NO and superoxide (O 2 ). Peroxynitrite is a powerful oxidant that can inhibit T cell activation and proliferation by impairment of tyrosine phosphorylation and apoptotic death. The involvement of ONOO À in mechanisms of T cell inhibition by Gr-1 + iMC derived from tumorbearing mice has been demonstrated first by Kusmartsev and colleagues [26] . It has been demonstrated that peroxynitrite production by myeloid cells could play a major role in preventing an antigen-stimulated T cell expansion in tumor-bearing hosts. Bronte and colleagues [9] recently reported that human prostatic adenocarcinomas are infiltrated by terminally differentiated cytotoxic T lymphocytes. These lymphocytes, however, are in an unresponsive status. Authors demonstrated the presence of high levels of nitrotyrosines in prostatic TIL, suggesting a local production of peroxynitrites. Restoration of TIL responsiveness to tumor could be achieved by simultaneous inhibition of iNOS and arginase activity. Thus, local peroxynitrite production could represent one of the important mechanisms by which tumor escape immune response.
Complex role of Jak/Stat signaling in myeloid cell differentiation and function in cancer Soluble growth factors and cytokines produced by tumors interact with appropriated receptors on myeloid cells thus inducing intracellular signaling cascade. Janus family of tyrosine kinases (Jak) and signal transducer and activator of transcription (STAT) are critical components of diverse signal transduction pathway that are actively involved in cellular survival, proliferation, differentiation and apoptosis. Four members of Jak family have been identified in mammals: Jak1, Jak2, Jak3, and Tyk2. Jaks are constitutively associated with many cytokine and growth factor receptors. Phosphorylation of Jak generates docking sites for Stats. Subsequently recruited Stats are phosphorylated by activated Jaks and dimerized followed by their translocation into the nucleus, where they modulate expression of target genes. Presently, seven mammalian Stat proteins, Stat1, Stat2, Stat3, Stat4, Stat5a, Stat5b, and Stat6 have been described.
Stat1
It is known, that Stat1 negatively regulates angiogenesis, tumorigenicity and metastasis of tumor cells [7] . Stat1 is essential for IFN-mediated signaling, suggesting that Stat1 pathway is an important mediator for immune anti-tumor signals [51] . However, activation of Stat1 in TAM could also contribute to the mechanisms of T cell unresponsiveness [24] . It has been shown that the tumor microenvironment promotes differentiation of Gr-1 + myeloid cells into F4/80 + TAM, and in these cells upregulates arginase I and iNOS expression through Stat 1-dependent mechanism [24] . Freshly isolated F4/80+ TAM from tumors displayed strong T cell inhibitory features and induced deletion of T cells. Since TAM derived from Stat1 À/À mice were not able to inhibit T cell response it suggested that tumor-activated Stat1 signaling in F4/80 tumor-associated macrophages could be responsible for T-cell deletion.
Stat3
Recent studies suggested that activation of Stat3 in tumor might play an important role in tumor escape from the immune system [56] . The Stat3 signaling pathway in tumor cells can inhibit production of pro-inflammatory danger signals and induce expression of factors that inhibit DC functional maturation. Stat3 expression in macrophages has been associated with their ability to induce T cell tolerance, whereas targeted disruption of Stat3 gene in these cells stimulated production of proinflammatory cytokines and abrogated their tolerogenic features [15] . It has been demonstrated that tumor-derived factors could activate Jak2/Stat3 signaling in myeloid cells and prevent DC differentiation [36] . Incubation of hematopoietic progenitor cells (HPC) with tumor cell conditioned medium resulted in activation of Jak2 and STAT3 and was associated with an accumulation of iMC. Importantly, iMC derived from tumorbearing mice demonstrated activated Jak2/Stat3 pathway [36] . Inhibition of STAT3 activation in HPC via dominant-negative STAT3D retroviral vector completely abrogated the effect of tumor-derived factors on the production of iMC.
Stat6
Stat6 is another member of Stat family, which has attracted attention since mice deficient for the Stat6 gene have enhanced immunosurveillance against primary and metastatic tumors. STAT6 is a downstream transcription factor for IL-4R, and IL-13R. More than 60% of Stat6 À/À mice immunologically reject spontaneous metastatic mammary carcinoma and survive indefinitely if their primary tumors are removed, whereas 95% of Stat6-competent BALB/c mice succumb to metastatic disease [37; 52] . Authors suggested that Stat6 deficiency prevents signaling through the type 2 IL-4Ra, thereby blocking the production of arginase I and promoting the synthesis of NO by myeloid cells.
Overall, obtained results suggest that Jak/Stat signaling could have a crucial role in the regulation of tumor immunity through modulation differentiation/ maturation as well as function of myeloid cells. Targeting of different members of Jak/Stat pathway could represent a promising new approach for regulation of ant-tumor immune response as well for development of new modalities for cancer treatment.
Improvement of anti-tumor immunity through iMC elimination or stimulation of its differentiation
Since expansion of iMC in tumor-bearing mice is associated with profound inhibition of anti-tumor immune response, it seems logical that elimination of these immune suppressive cells may help to enhance the immune defense mechanisms. Indeed, earlier experiments from H. Schreiber group [50] demonstrated that depletion of Gr-1 + cells significantly improved CD8 + T cell immune response and allowed for eradication of the tumor. More recent work of J. Berzofsky group [54] demonstrated that depleting of Gr-1 + myeloid cells or blocking TGFb in vivo prevented the tumor recurrence, implying that TGF-b made by iMC is necessary for down-regulation of tumor immunosurveillance [54] .
Another promising approach to reduce the proportion of iMC in tumor-bearing hosts might be the use of agents that promote the differentiation of myeloid progenitors.
1-alpha 25-dihydroxyvitamin D (3)(1,25(OH)(2), a biologically active metabolite of vitamin-D3, is known as a stimulator of myeloid cell differentiation. In a series of publications, Young MR and colleagues demonstrated that in both clinical and experimental settings vitamin D3 is effective in diminishing the levels of immune suppressive myeloid cells and increases the effectiveness of tumor immunotherapy [29; 57; 62] . When DCs were generated from the CD34 + cells in vitro in the presence of 1-alpha, 25-dihydroxyvitamin D3, their antigen presenting ability was enhanced [62] . Treatment of LLC tumor-bearing mice with vitamin D3 led to reduced tumor production of GM-CSF and lowered proportion of myeloid immune suppressive cells [61] . Administration of vitamin D3 in combination with adoptive immunotherapy significantly reduced metastases in mice with established tumors, and also reduced metastases and recurrence after surgical excision of the primary tumors [57] . Studies in cancer patients with head and neck cancer also demonstrated the ability of 1-alpha, 25-dihydroxyvitamin D3 to promote differentiation of myeloid cells and reduce the proportion of immature myeloid immune suppressive cell population in peripheral blood [29] .
Another compound, which is able to stimulate differentiation of the myeloid progenitors into myeloid DCs is a vitamin A or retinoic acid [20; 21] . Mice with vitamin A deficiency [28] and mice treated with a pan-RAR antagonist [55] show accumulation of CD11b + Gr-1 + myeloid cells similar to the iMC that accumulate in cancer patients. Physiologic concentrations of all-trans retinoic acid (ATRA) induced in vitro differentiation of iMC from tumor-bearing mice into CD11c + MHC class II + myeloid DC [20] . In vivo administration of ATRA significantly reduced the presence of iMCs in two different tested tumor models [23] . This was not caused by direct anti-tumor effect of ATRA or decreased production of growth factors by tumor cells. Experiments with adoptive transfer demonstrated that ATRA differentiated iMC in vivo into mature DC, macrophages, and granulocytes. Decreased presence of iMC in tumorbearing mice noticeably improved CD4-and CD8-mediated tumor-specific immune response. Combination of ATRA with two different types of cancer vaccines in two different tumor models significantly prolonged the anti-tumor effect of the treatment [23] . These data suggest that elimination of iMC with ATRA may open an opportunity to improve the effect of cancer vaccines.
Concluding remarks
Increased number of IMC in tumor-bearing hosts is associated with inhibition of T cell responses immune suppression, which substantially limits the therapeutic effect of cancer vaccination and immune therapy. As evident from recent publications, cancer-associated immune suppression takes place at two different sites: I) in lymphoid organs; II) in tumor site (see Fig. 1 ).
Growing tumors affect myelopoiesis by inhibiting DC differentiation and promoting accumulation of iMC. These iMCs are precursors of antigen-presenting cells (DC and macrophages) and they have distinct immune suppressive features that allow them to inhibit development of anti-tumor T cell response in an antigenspecific manner in lymphoid organs. One of the prominent characteristics of iMC is increased production of ROS, which are involved in the mechanism of immune suppression. Since ROS exert their effect only over very short distances. The immunosuppressive effect of iMC on T cells requires direct cell-cell contact. Antigen-specific interaction between cells is much more stable than the antigen non-specific one. This may explain the fact that the immunosuppressive effect of iMC in peripheral lymphoid organs (lymph nodes, spleens) and blood is antigen-specific. This also can explain the apparent paradox of why accumulation of large numbers of iMC in tumor-bearing hosts does not result in profound systemic immune suppression. Whether the inhibitory effect of iMC is limited to only CD8 + T cells or extended to CD4 + T cells probably depends on the expression of MHC on the iMC surface. The population of iMC is a heterogeneous mix of precursor of different myeloid cells and early progenitors. The composition of this population varies from one tumor model to another and largely depends on cytokine profile produced by tumor cells. In many experimental tumor models iMC express MHC class I but very little or no MHC class II. In that case iMC have much more profound inhibitory effect on CD8 + than on CD4 + T cells. In some tumor models, like mammary adenocarcinams DA3 (Gabrilovich, not published observation) or 4T1 [52] , a substantial proportion of iMC may express MHC class II. In that case inhibition of CD4 + T cells is clearly evident [52] . More studies are needed to clarify the exact mechanism of CD4 + and CD8 + T-cell specific suppression mediated by iMC. Immune suppression mediated by iMC requires the presence of three factors: iMC, activated antigen-specific CD8 + or CD4 + T cells, and tumor-associated antigen. This hypothesis may also explain the difficulties in generating tumor-specific immune response to vaccination in cancer patients. Immature myeloid cells present in tumor-bearing hosts have full access to tumor associate antigens used for vaccination and are able to inhibit the very same tumor-specific immune response such a vaccination is trying to induce. This underscores the necessity of combining cancer vaccines with strategies to eliminate iMC.
In addition, iMC can be actively recruited to the tumor site, and then inside the tumor these cells may differentiate toward tumor-associated macrophages and/or endothelial cells, thus promoting angiogenesis and tumor growth. Tumor-associated macrophages play significant role in local immune suppression. Importantly, their phenotype is quite different from that of macrophages in peripheral lymphoid organs. Tumour associated macrophages produce much higher levels of NO and arginase I and are able not only to suppress CD8 + T cells but also induce apoptosis of CD4 + and CD8 + T cells. Understanding the precise mechanisms which tumors use differentiate of APC from myeloid precursors and inhibit T cell responses, could help to develop new approaches to cancer therapy and substantially improve the efficiency of existing cancer vaccination strategies 
